Natural vegetation contributes significantly to the daily needs of local people especially in the developing countries. This exerts a high pressure on freely accessible natural savannas and jeopardizes the conservation of protected areas. In Burkina Faso, conservation measures, such as the creation of protected forests, have been taken to safeguard the remaining indigenous vegetation. However, little is known about the effectiveness of these protected areas in conserving biodiversity. This study compared the diversity and structural characteristics of the vegetation communities in protected and unprotected areas in the Sudanian zone of Burkina Faso. A total of 208 species representing 41 families and 145 genera were found. Significant differences were found between the species richness in the north Sudanian sector for tree savannas and in the south Sudanian sector for the shrub savannas, tree savannas, savanna woodlands, and the woodlands of land use types. All tree size-class distributions in each vegetation type formed a reverse J-shaped curve, indicating vegetation dominated by juvenile individuals. Similarity in tree species composition between management regimes was found to be low, which reflects differences in habitat conditions, disturbance, and topography. Urgent measures are needed to ensure effective and efficient management and conservation of biodiversity in the protected areas of Burkina Faso.
Introduction
In West Africa, the degradation of savanna woodlands due to agricultural expansion, overgrazing, bush fire and wood cutting is a serious environmental concern [1, 2]. The current mosaic of these savanna-woodland ecosystems is the result of combined climate pejoration and human pressure impacts. The overexploitation of the parklands is reported as a major cause of the degradation of vegetation cover and loss of biodiversity [3] . In general, this phenomenon is observed in many areas of West Africa [4] [5] [6] and particularly in Burkina Faso where the dynamics of land occupation for agriculture is extensive. In this way the natural vegetation declines and the human pressure on the protected areas increases. Western Burkina Faso is the principal area of the cotton production in the country [7] . This agricultural basin is regarded as a space with high economic potentialities and consequently attracts more and more people from other parts of the country. The increasing demand of agriculture lands is to the detriment of the ancient traditional fallow practices which favor the conservation and restoration of parklands [8] .
In the 1930s, a large part of the Sudanian zone of West Africa was delimited and protected by the colonial administration to create wildlife sanctuaries and prevent the expansion of shifting cultivation [9] . Following political independence, these forests and woodland reserves were conserved through the status of state forests for wood production, ecotourism, and biodiversity conservation [9] . In Burkina Faso, natural land reserves represent 26% of the country's total area [9, 10] .
A consensus emerges with regard to the need for preserving the protected areas. However, a better conservation management depends initially on the understanding of specific factors and thorough causes which are responsible for the degradation process. The aim of this study was to assess the impact of protected areas on the woody plants communities in the different vegetation types between two land use regimes in Western Burkina Faso. We hypothesize that the diversity and structural characteristics of woody vegetation would be enhanced within protected areas. The results of this study will provide information that could help to conciliate land use regimes with sustainable management and conservation of woody species communities.
Materials and Methods

Study Area. This paper was carried out in Western
Burkina Faso across two phytogeographical sectors, the north-Sudanian (NS) and the south-Sudanian (SS) sectors [11] ; this area is situated between 9 • 30 -13 • 30 N and 5 • 30 -2 • 30 W ( Figure 1 ). The rainy season lasts from May to October and the annual rainfall range is 700-800 m and 900-1000 m in the north and south sudanian sectors, respectively. The mean annual temperature ranges from 15 to 40.8 • C and 17 to 37.9 • C, in the NS and the SS, respectively. The dominant soils are ferralsols and lixisols ranged from poorly to completely leached ones [1, 12] . Specific common woody species are Acacia seyal Del., Combretum micranthum G. Don, and Guiera senegalensis J. F. Gmel. in the north-Sudanian zone and Acacia sieberiana DC., Burkea africana Hook. F, Daniellia oliveri (R.) Hutch. and Dalz. C, and Isoberlinia doka Craib. and Stapf. for the south-Sudanian sector.
In this study, protected areas (PAs) are defined as clearly delimited areas of natural vegetation that have been officially classified-with appropriate legal status-by public authorities with the aim of ensuring protection of natural resources as well as ecosystem functions and services. Data were collected in five PAs across the study area. All the five PAs have a status of classified forests: classified forests of Say and "Toroba" (Dédougou) were sampled in the north-Sudanian sector, and classified forests of "deux Balé" (Boromo), of "Toumousséni" (Banfora) and "Niangoloko" in the south Sudanian sector. Say and Toroba state forests ISRN Botany 3 were classified in 1937 and 1938, respectively. They cover 5400 ha and 2700 ha, respectively. Balé, Niangoloko, and Toumouséni were classified in 1937, 1936, and 1954 and cover 57000 ha, 124500 ha, and 2500 ha, respectively. Toroba, Balé, Toumousséni, and Niangoloko are managed by the State Forest Department Services. Say is under a private management by a concessionaire [13] . Illegal logging, grazing, and harvesting of nonwoody forest products are frequent in all these protected areas. Unprotected areas (UAs) in this study are fallows, freely accessible natural savannas, and unsuitable lands for agriculture but used for pasture (e.g., rocky lands). Unprotected areas are strongly affected by various anthropogenic activities, for example, extensive livestock grazing, bush fires, and various harvestings of timber and nontimber forest products including wood, leaves, bark, flowers, and fruits.
Data
Collection. The considered plant communities are shrub savannas, tree savannas, woodland savannas, woodland and gallery forests as defined by Aubreville [14] . The inventory design followed a random sampling scheme and was applied systematically in and outside selected protected areas across the north and south Sudanian zones. Sampling units were 1000 m 2 (20 m × 50 m) size plots at the rate of 10-15 plots per vegetation type and per phytogeographical sector. Data collection consisted in recording and identifying all woody species and measuring their diameter at breast height (DBH). A measuring tape was used to measure girth at breast height (GBH, at height 1.3 m), which was then converted to the following diameter at breast height (DBH) using the formula: DBH = GHB/π. A total of 256 plots were reached and distributed as follows: NS-PAs: 51, NS-UAs: 52, SS-PAs: 82, and SS-UAs: 71.
Data Analysis.
Mean population density was calculated for each vegetation community in protected areas (PAs) and in unprotected areas (UAs). t-tests were used to compare mean population density and basal areas between the two types of management regimes. Results were considered significant at P < 0.05.
Species Richness and Diversity.
For each vegetation community, we calculate the following ecological parameters which are widely used indices to measure biological diversity [15] :
(i) Shannon's diversity index (H ):
where s is the total number of species in the community (richness) and p i is the relative abundance of the ith species in a plot.
(ii) Simpsons' Index (D):
where Ni is the number of individual of the ith species and N is the total number of species in vegetation types. D = 0 indicates high diversity, and 1 indicates low diversity. In order to obtain "more intuitive" values, 1 − D was calculated, the maximum of diversity being represented by value 1, and the minimum of diversity by value 0.
(iii) Hill's Diversity Index:
where 1/D represents Simpson's index and e H is Shannon's exponential index. Hill's index of diversity makes it possible to obtain a more precise appreciation of observed diversity. In order to facilitate interpretation, it is then possible to use the index 1-Hill; maximum diversity will be represented by value 1 and minimal diversity by value 0. Hill's index seems most relevant as so far it integrates the two other indices (Shannon and Simpson) and allows comparisons between vegetation communities. To evaluate β-diversity (similarity between vegetation communities), Jaccard's similarity index and Horns' modification of Morisita's index were computed. Jaccard's coefficient of similarity was calculated based on presence/absence data of the species while Horn's modification of Morisita's index takes the species abundance into account. Both indices vary between 0 and 1: a value close to 1 indicates greater similarity between sites and hence low β-diversity [15] .
Population Structure and Size-Class Distribution.
For each plant community the following structural parameters were calculated.
(i) the tree density of the stands (N), that is, the average number of trees per plot expressed in trees/ha
n is the overall number of trees in the plot, and s is the area of plot (s = 0.10 ha).
(ii) the basal area of stands (G, in m 2 /ha), that is, the sum of the cross-sectional area at 1.3 m above the ground level of all trees on a plot, expressed in m 2 /ha as follows:
D i is the diameter of tree at 1.3 m above the ground level. Mean population density was calculated for each species in protected areas (PAs) and in unprotected areas (UAs). ttests were used to compare mean population density and basal areas between the two types of management regimes. Results were considered significant at P < 0.05.
To establish the size-class distributions (SCDs), diameters of all trees (dbh ≥5 cm) were used to construct histograms with size classes of 5 cm interval. The observed shape was adjusted to the 3-parameter-Weibull theoretical distribution because of its flexibility [16] : where x = tree diameter, a = 5 cm, the threshold trees diameter structure, b = scale parameter linked to the central value of diameters, and c = shape parameter of the structure. For each community, tree diameter was used to estimate the parameters b and c based on the maximum likelihood method [17] . The Weibull distribution reveals a wide variety of shapes expressed by the shape parameter c [18] . When c < 1 the distribution has a reversed J shape; whilst when c = 1 it is a negative exponential distribution. For values of c > 1 the distribution is unimodal. If 1 < c < 3.6 the distribution has a positive skew; when c = 3.6 it is approximately normal and when c > 3.6 the distribution has a negative skew. This adjustment covers diameter distributions that are strongly positively or negatively skewed as well as normally distributed [19, 20] .
In each case the log-linear analysis [21] was performed in SAS [22] to test the adequacy of the observed structure to the Weibull distribution. The following model, described by Caswell [21] , was used:
where F = mean frequency of the classes, F Class = nonrandom gap linked to the differences in frequency between classes, F adjustment = nonrandomly gap linked to differences between observed and theoretical frequencies, and ε = error of the model. The hypothesis of adequacy between both distributions is accepted if the probability value of the test is higher than 0.05.
Results
Species Richness and Woody Plant Community Structures.
A total of 208 species, distributed within 145 genera and 41 families, were recorded in both phytogeographical zones. The Rubiaceae, Combretaceae, Leguminosae-Caesalpinioideae, and Leguminosae-Mimosoideae families showed the highest number of species in both management regimes ( Figure 2 ).
In the north sudanian area, the t-test revealed that the mean specific richness differed significantly only in tree savannas between PAs and UAs (P = 0.006), being highest in the PAs (57 species) than in the UAs (19 species). Acacia dudgeoni, Acacia seyal, Boswellia dalzielii, Burkea africana, Detarium microcarpum, Combretum molle, Loeseneriella africana, Pseudocedrela kotschyi, and Xeroderris stuhlmannii were the exclusive species in the tree savannas of the PAs.
As far as the structural parameters of stands are considered, no significant difference was observed between land use types in all vegetation communities. The mean stem density and the mean basal area did not significantly increase from UAs to the PAs for all plant communities in both phytogeographical sectors (Table 3 ). The observed SCDs for all plant communities showed a reverse "J" shape; with a Weibull shape parameter smaller than or close to 1; this is an indication of a steeply descending monotonic distribution function (Figure 3(a) ).
In the south sudanian zone, the mean values of specific richness showed significant differences between the two land use types in the shrub savannas (P = 0.038), tree savannas (P = 0.026), savanna woodlands (P = 0.036), and woodlands (P = 0.043). For each vegetation community, species richness was highest in the PAs than in the UAs (Table 1) . PAs: protected areas, UAs: unprotected areas, and Gf: gallery forests; Shs: shrub savannas, Ts: tree savannas, Ws: woodland savannas, and W: woodlands. Jaccard's similarity index and Morisita's index were computed to evaluate the similarity between vegetation communities. Both indices vary between 0 and 1: a value close to 1 indicates a greater similarity between sites and hence low β-diversity. in the woodlands were the exclusive species in PAs. The mean stem density increased significantly from UAs to the PAs in the shrub savannas (P = 0.006), tree savannas (P = 0.000), and woodlands (P = 0.001). However, the mean basal area did not show a significant difference between both land use types (Table 3 ). In both management regimes, the observed SCDs for all plant communities indicated a reverse J-shaped curve with the Weibull distribution c-value smaller than or close to 1 (Figure 3(b) ). This is typical of a relatively stable multispecific population. The log-linear analysis (computed for each vegetation community) indicated a good adjustment of the observed distribution to the Weibull distribution (see Table 4 ).
Species Diversity and Similarity between Land Use Types.
Among the diversity indices, Shannon's measure of evenness and Simpson's diversity index were not significantly different between land use types for all vegetation communities (Table 1 ). However, according to Hill's indices all vegetation communities were relatively diverse on the two sites (NS and SS) and did not show any significant differences between the PAs and the UAs. When comparing species similarity between vegetation communities in the NS (Table 2) , similarity was fairly low between tree savannas from PAs and those from UAs (33.3% and 28.8% for Jaccard's index and Morisita's index, resp.). The highest similarity (51.5% and 58.9% for Jaccard's index and Morisita's index, resp.) was observed between the shrub savannas of the PAs and the UAs in both land use types.
In the south sudanian, Shannon's measure of evenness (P = 0.010) and Simpson's diversity index (P = 0.015) were significantly different for woodlands in both land use types (Table 1) .
According to Hill's indice, all vegetation communities were relatively diverse. The comparison of the species richness between vegetation types revealed a low similarity between gallery forests from PAs and those from UAs (27.5% and 37.5% for Jaccard's index and Morisita's index, resp.). The highest similarity (54.1% and 56.5% for Jaccard's index and Morisita's index, resp.) was observed between the shrub savannas in both land use types.
Discussion
The overall species richness found in this study is higher than that of native woody species reported in the country. Fontès and Guinko [11] have reported that woody flora of the country comprises 188 species. Concerning the species richness, the analysis provides nuanced results. The protection effect was evidenced by a significantly higher number of species in PAs for shrub savannas, woodland savannas, and woodlands in the south sudanian sector and tree savannas in both sectors. However, the role of protected areas in the conservation of plant diversity in savannah regions is appreciated in various ways. Although some studies demonstrated loss of plant diversity due to human pressure in exploited lands or, conversely, floristic preservation inside protected areas [23] , other studies showed that phytodiversity does not differ in both land use types, and it is even higher outside protected areas [24] [25] [26] [27] . This might be an indication that protection measures in semiarid areas ensure the conservation of the existing diversity but not always adequate for enhancing lands diversity. This idea is supported by Devineau [28] who reported an increasing recruitment of plants in fallows, favoured by moderate pasture. It is well established that the traditional long fallow system combined with agroforestry practices have a positive effect on land conservation [8] . Consequently, species richness is sometimes even higher in these areas than in the protected areas [25, 29] . The most common families were Rubiaceae, Combretaceae, Leguminosae-Caesalpinioideae, and Leguminosae-Mimosoideae; this is a typical taxonomic pattern of savanna-woodland mosaics flora in Sudano-Sahelian Africa [1, 11] .
According to Shannon's and Simpson's diversity indices, woody plant populations of woodland in PAs were more diversified than in the UAs. This is most likely related to the relatively large numbers of abundant species in woodlands plots (e.g., Cola cordifolia, Erythrophleum suaveolens, Lonchocarpus cyanescens, and Mimusops kummel). Shannon's diversity index is usually found to fall between 1.5 and 3.5 and is rarely above 5.0 [15] . The values from our results are in the expected range. The similarity in species composition and abundance between the land use types was generally low, except for the shrub savannas. This plant community exhibited 51.5% and 58.9% in the north and 54.1% and 56.5% in the south sudanian sector for species composition and abundance similarity, respectively. The low values of similarity indices reflect differences in habitat and topography conditions.
Concerning the structural parameters of woody populations, a gradual increase was found for the mean stems density from UAs to the PAs only in the south Sudanian sector for shrub savannas, tree savannas, woodland savannas, and woodlands. This difference in individuals' density between both land use types might be due to the variable disturbance density [1, 27] . Generally, the survival and growth of tree species in semiarid savanna ecosystems are favoured by good moisture and edaphic conditions [30, 31] but strongly disturbed by direct and indirect human activities [32, 33] . The reverse "J" shape of SCDs for all plant communities in both zones, irrespective of land use types, is an indication of good regeneration of populations [34, 35] . A large number of individuals with dbh ≤5 cm were found in all land use types, indicating a potential renewal of the population for all plant communities [35] [36] [37] .
The reverse "J" structure observed for each vegetation community may be explained by a kind of compensation between the species in the different SCDs, so that the species with slow growth are compensated by those with rapid growth. This is due to the importance of the phenomena of competition (for nutrients) between trees in the savannas [38] which make that some species are more favored than others.
Conclusion
Our results provide information that globally species diversity and richness are not significantly better in protected areas than in unprotected ones. However, certain plant communities are favoured by protection. This is the case of tree savannas in north and south sudanian sectors. Although they are currently disturbed, open access lands are areas of active plant materials flows (mainly by pasture and human direct activities) that favours diversification. The role of PAs, in terms of plant community conservation, is unquestionable as they ensure safety recruitment and survival of new individuals, which is primordial for population rejuvenation and consequently the plant diversity conservation. This suggests that, even if in certain cases, the PAs do not exhibit a higher phytodiversity, they play a key role in terms of warranty for the conservation of the existing diversity.
